Most methods for the titrimetric determination of calcium and magnesium with E.D.T.A. stem from the original work of Schwarzenbach and Ackermann (1947) , of Schwarzenbach, Biedermann, and Bangerter (1946) , and ofBiedermann and Schwarzenbach (1948) . References up to 1956 to earlier work on the analysis of water and biological materials for these cations may be found in the studies of such authors as Horner (1955) , Carr and Frank (1956) , and Zak, Hindman, and Fisher (1956) . Practically all methods of this nature have employed two indicators: eriochrome black T for calcium plus magnesium, and murexide for calcium determinations. Only in more recent years have other reasonably specific, stable, and sensitive dyes been described. For example, Yanagisawa (1955) and Kingsley and Robnett (1957) developed colorimetric methods for the determination of serum calcium using Corinth Ca (Plasmocorinth B), which is the disodium salt of l-hydroxy-4-chloro-2, 2-diazobenzene-1, 8, dihydroxynaphthalene-3, 6-disulphonic acid, and is closely related in structure to the Received for publication 13 December 1962. eriochromes. Subsequently Kovaks and Tarnoky (1960) reported a two-stage procedure using this dye; calcium is titrated first, and then magnesium after lowering the pH by adding hydrochloric acid and ammonia-ammonium chloride buffer. End-points are determined by visual observation. This paper presents new reagents for methods which are believed to show improvements upon other similar methods previously described. The procedures are direct and simple to perform. Few reagents are required and these are cheap to make. The titrations are sensitive, free from annoying colour drift as detected by a galvanometer or colorimeter, and give sharp definitive end-points.
MATERIALS AND METHODOLOGY
A 24-hour specimen of urine was collected in a clean, polythene bottle containing 5 ml. of 10 M hydrochloric acid. Serum was used directly.
Specimens of normal blood were collected from donors at the end of regular donation. All collections were made during mid-morning and donors were instructed to have a light breakfast. quantitative aspects of the methods two experiments were designed. In the first of these, a pooled serum and three urines were titrated as described, both in the absence and presence of accurately added amounts of standard magnesium and calcium. The results showed that the recoveries from both serum and urine were very closely quantitative by direct titration (100I% + 0-8% S.D.). This does not necessarily mean that calcium and magnesium in the original materials are being quantitatively determined, since some may be intractably bound to some constituents of the sample. Further information was sought therefore in the second experiment, in which direct titrations of the untreated specimens were compared with those of wet-ashed material.
The results again indicated that within the limits of experimental error, quantitative measurement of both calcium and magnesium is achieved by direct titration. For urines, the ashing process appears to result in a slight loss of calcium and a greater loss of magnesium, the values for the former averaging 98-4y%, and for the latter 93 5y% of those for the original material. In any event, taking into account the results of all recovery experiments, it seems reasonable to assert that values obtained directly for urine, as well as for serum, are quantitative. This circumstance is fortunate in that it enables rapid determinations to be carried out with little or no preliminary preparation for titration. The methods have been found suitable for routine work, where time is normally a significant factor, as well as for occasional determinations. NORMAL VALUES Sera from 19 male and 20 female blood donors, none of whom had made more than two previous donations, were assayed at least in duplicate for both calcium and magnesium. The age of the men ranged from 18 to 56 years with a mean of 26 years, and of the women, 19 to 48 years with a mean of 30 years. The statistics are presented in Table I . 10-30 10-15 9-50 9-20 9-35 9-15 9-45 8-80 9-70 9-70 9-35 9-85 9-50 9-80 9-70 10-00 9-80 9-80 9-80 9-70 A summary of a number of results for plasma may be found in a study by Hanna (1961) . In some of these the origin of the specimens is not stated. Montgomery (1961) , using sera from 46 normal West Indian adults and employing flame spectrophotometry, obtained a mean of 1-70 mEq./l; the primary standards in this case were made from magnesium sulphate. Dawson and Heaton (1961) , in a thorough study using atomic absorption spectrophotometry, obtained a mean content of 1 84 mg. % (1P51 mEq./l.), in very close accord with our values for serum (Table I ). The origin of the specimens is not stated; they are referred to as serum in the body of the text, but as plasma in their Table 6 of values. Assessment of all these results is difficult because of the different conditions prevailing in each case, but there does appear to be a tendency towards the finding of higher values by flame photometric procedures than by E.D.T.A. titration. The method of blood collection which we adopted may result in lower values, and it would certainly be of interest for future work to collect samples of blood at intervals during a complete donation. However, in a previous study of the serum iron content of normal donors (Beale, Bostrom, and Taylor, 1962) , in which specimens were collected in the same way as at present, no significant difference was found between our means and those from other work. This suggests that no marked variation is to be expected in the calcium and magnesium content of blood taken at the beginning and end of donation. If this is so, the differences in reported magnesium levels may lie in the techniques used. Some values in the literature are undoubtedly high because of the use of impure magnesium oxide as a standard substance (see Hanna's article), and possibly because some magnesium salts are hygroscopic. The most suitable material is, in our experience, magnesium turnings of good quality. On the other hand calcium standards of high reliability may be prepared from the carbonate (provided this is heated at 200°C. for a number of hours) and the magnesium may then be checked against them. This procedure was adopted by Alcock et al. (1960) 
